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(54) Cereal product containing probiotics 

(57) A dried, ready-to-eat cereal product comprising 
a gelatinised starch matrix which includes a coating or 
filling which contains a probiotic micro-organism. The 
cereal product may be in the form of a pet food, a break- 
fast cereal, an infant cereal or a convenience food. The 
cereal product may be produced by cooking a starch 
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source to form a gelatinised starch matrix; forming the 
gelatinised matrix into pieces; drying the pieces; and 
coating or filling the pieces with a carrier which contains 
probiotic micro-organisms. 
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Description ... 
Field of fte Invention 

5 This invention* relates to a ready-to-eat cereal product which contains a probiotic micro- organism; for example pet 
. foods, breakfast .cwls, infant cereals or convenience foods. Ir use, the cereal product has a beneficial effect in the 
gastrointestinal 1 * *he person or animal consuming it and hence upon the person or animal. The invention also 
relates to a process Cueing the cereal product and to methods of promoting beneficial effects in the gastrointes- 
tinal tracts humans an. u'mais. 

10 

Background of the invention 

Probiotic micro-organisms are rrecroorganisms which beneficially affect a host by improving its intestinal microbial 
balance (fuller, R; 1989; J. Applied Bacteriology. 66: 365-378). In general, probiotic mkro-organisms produce organic 
is acids such as lactic add and acetic acid which inhibit the growth of pathogenic bacteria such as Clostridium perfringens 
and Helicobacter pyfori. Consequently, probiotic bacteria are believed to be useful in the treatment and prevention of 
conditions caused by pathogenic bacteria. Further, probiotic micro-organisms are believed to inhibit the growth and 
activity of putrefying bacteria and hence the production of toxic amine compounds. It is also believed that probiotic bac- 
teria activate the immune function of the host. 
20 Therefore there is considerable interest in including probiotic rracro-organisms into foodstuffs. For example, many 
fermented milk products which contain probiotic micro-organisms are commercially available Usually these products 
are in the form of yoghurts and an example is the LCI ® yoghurt (Societe des Produits Nestle SA). Several infant and 
follow-up formulas which contain probiotic micro-organisms are also .commercially available; for example the BIO 
NAN® formula (Societe des Produits Nestle SA). 
25 Similarly, fc^ animals, there has been interest in including probiotic micrc-organisms into animal feeds. For exam- 
ple. Russian patent 2018313 discloses a powdered, spray-dried animal feed which is based upon milk and which con- 
tains certain bifidobacteria and streptococci. The animal feed is aimed primarily at live stock .although it is mentioned 
that the feed may be fed to pets. 

However there are two main issues in incorporating probiotic micro-organisms into foodstuffs. First the foodstuff 
30 must be in a form which is palatable to a consumer. Secondly, the probiotic micro-organism must remain viable during 
storage. The second, issue is particularly problematic for ready-to-eat cereal products. These cereal products, unlike 
fermented milks, are required to have long storage fives; for example at least a year while the eel! counts for many pro- 
biotic micrcKjrganisms may fall away completely within one or two days. This is particularly the case i» the water activity 
of the foodstuff is above about 0.5. This is usually the case for dried pet foods. 
35 Th erefor e there is a need for. a ready-to-eat cereal product which contains a probiotic micro-organism, is highly pal- 
atable, and which is storage stable. . 

^rnmary oltjteinverjggn , ./ - . , ir / v k 

40 Accordingly, in one aspect, this invention provides a dried, ready-to-eat cereal product comprising a gelatinised 
starch matrix which includes a coating or filling conta'ning a probiotic mtao-organism. 

It has been found that probiotic micro-organisrns rernain viable for extended periods of Sms when formulated into 
a coating on or filling in a dried cereal product This is surprising since probiotic rrtac-otganisms ordinarily die off rap- 
idly. This is particularly the case for dried, cooked petfoods which generally have a water activity of above about 0.5; 
45 levels at which probiotic micro-organisms ordinarily dip, off rapidly. Therefore the invention offers the advantage of a 
>eady-to-eat cereal product which is highly, palatable and which contains a shelf stable source of probiotic micro-organ- 
isms. * ;■ \". 

The cereal product may be in the form of a dried pet food, breakfast cereal, an infant cereal, or a convenience food 
such as a cereal bar. For human foods, the gelatinised, starch matrix is preferably in flaked or expanded form. For pet 
50 foods, the gelatinised starch matrix is preferably in the form of piece? or pellets. The ge latinised matrix is preferably pro- 
duced by extrusion cooking, a starch source. - 

Preferably the coating comprises a carrier substrate which carries the probiotic micro-organism in it. The filling may 
also comprise a carrier sijbstrate which carries the probiotic micro-organism in it. For example, the carrier substrate 
" c >' M " may be protein digest fat rriilk solids. .sugar or a partka jate„flavouring agent . 

55 . . In a further aspect this invention provides a process of preparing a dried, ready-to-eat cereal product, the process 
comprising cooking a starch source to form a gelatinised starch matrix; forming the gelatinised starch matrix into pieces 
arid drying the pieces;.and coating or filling the pieces with a substrate which contains probiotic micro-organisms. 
In one. embodiment, the gelatinised starch matrix is formed into pieces and dried by extruding the gelatinised matrix 
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to form a cooked extrudate and cutting and drying the cooked extrudate to form dried pieces. The gelatinised matrix 
may be caused to expand upon extrusion to form, after cutting and drying, expanded pieces. Alternatively, the pieces 
may be subjected to flaking to form flaked pieces r -V- : : ■ : 

In another embodiment, the gelatinised starch matrix may be formed into pieces and dried by roller-drying the 
i - s ■ • gelatinised starch matrix to form flakes.; • " 01 ; ty f * 1 ;> ' . : . 

;.: « ; ■>? In a further embodiment, the gelatinised starch matrix'miiy be formeo* irifoprlc^ajfto i dried by extruding thegelat- 

. • ■ . inised matrix to torn i a cooked extruuatb containing an aperture; and cuttTrigar v : »'3 fee pieces: Preferably the gefat- 
t ■ " - ■ r • inised starch matrix is extruded with b central bore for receiving a filling. 50 Jfy ; ■* 

io Brief Description of the Drawings 

tsr -cu. • ... ..>■<■ ' 

Embodiments of the invention are now described, by way of example only, with reference to the drawings in which: 
- j "... - Figure 1 is a graph illustrating the viability of Bacillus coagulate ihWrious^cDatir^ a dried, cooked, pet food; 

-V n5 and ■ ■■ ^ ■• r ' •• ■= " i: '^ ( r, ^ c ;f n ^;.. v : r \ 

. ■>-•.- v, 1 •*. ' Figure 2fea graph illustrating the viability of 8ac///us subtd&th various coatings' oiTffattea\ cooked, pet food. 

• . : , !c < v Detailed description of preferred err^odimehts pf the invention ^ 1 ' ! * : ^ J r * n . " 

> i ■ : y> - Embodiments of the invention are now described, by way of example only: The invention provides a dried, ready- 
to-eat cereal product in the form of a gelatinised starch matrix which ihdudes* a coating or filling. The coating or filling 
contains a prooiotic micro-organism. The probiotJC micro-organisnfmay be sheeted from ohe or more micro-organisms 
r . :~ -:. ■' . suitable for human cv aumal consumption aixf which is able to improve the Mcrctwal" b^ince in the numan or animal 
intestine. ""' '„ 

,25 •' Examples of suitable prooiotic micro-organisms 1 include yeasts such as Saccharbmycis, Debaromyces, Candida, 
■ , v Pichis and Torulopsis, moulds such as Aspergillus, Rhizbpus. Mucor. and P^niciJIium arft Torulopsis and bacteria 
. • .« such as tha genera Bifidobacterium, Bacteroides. Clostridium, Fuscbactertum.- Melissococcus, rropionibacterium. 
Streptococcus, Enterococcus, Lactococcus, Staphylococcus, Peptostrepococcus, ' 'Bacillus. Pediococcus. 
- a ' Micrococcus. LeUconostoc, Weissella, Aerococcus. Oenococcus and Lactobacillus. Specific examples of suitable pro- 
. ; *v . <so biotk.* micro-organisms are: Sacchartimyces ' cereviseae; Bacillus coagulans ; 'Bacillus lichenimrmis , Bacillus subbTts . 

.Bifidobacterium bffidumi Bifidobacterium infantis! Bifidobacterium longum^ Enterococcus faectum, Enterococcus 
faecalis; Lactobacillus -acidophilus, Lactdbati^ Lactobacillus casei 

. r : :* Shirota, Lactobacillus durvatus, Lactobacillus del8ruckii&\tosp. lactis, Lactobabilius larciminus, Lactooatitlus gassed, 
Lactobacillus hefveticus, Lactobacillus johrkonii,' Lactobacillus 'reuteri, Lactobacillus rhamnosus (Lactobacillus GG). 
35; Lactobacillus sake: Lactococcus /acf&;- Micrococcus variafis, PecfoScbccu^aci^ Pediococcus pentosaceus, 
Pediococcus acidilactici. Pediococcus halophihs, Streptococcus faetatis, ; Sireptococcus thermophilus. Staphylococ- 
cus carnosus, and Staphylococcus xylosus. The probiotic micro-organisms are preferably in powdered, dried form; 
especially in spore form for micro-organisms which form spores. Further, if desired, the probiotic micro-organism may 
be encapsulated to further increase the probability of survival; for example in a sugar matrix, fat matrix or polysaccha- 
.. .-> ride:matrix.r- ^ ' ^ ! - >r ' • »e.^ ^a:^ t>r ^non ,'. 

The dried, ready-to-eat cereal product rriay be 1 produced trorrf arry suKaole ingrediehLs; such as those commonly 
used in dried, ready-to-eat cereal products. One of these ( ingredients is%star^ r sow^ sources are, for 

- • • ' example; grain flours such as com. rice, wheat, beets, barley, soy and oats: Also mixtures of these flours may be used. 
The flours 'may be whote flours or may be flours which have had fractions removed; for example the germ fraction or 
^ 45 - husk fraction ma/be removed. Rice flour, corn flour and wheat flour are ^ particularly suitable; either alone or in combi- 
nation. The starch source will be chosen largely bri the basis oHhe nufritiohal value,' palatability considerations, and the 
type of cereal product desired. 

t ' The cereal product may also 4 contain a starch swjrce^^irtable prolan sources may be selected from any suitable 

.c animal or vegetable protein source; for example meat meal,- bone" meal,' fisfrmeaV soy p'roteiri concentrates, milk pro- 
.■ so ■. teins, gluten, and the like. The choice of the protein source wiD be largely deten^ 

bility considerations, and the type of cereal product produced!- Of course, the starch sdiirce may 'also be a source of 



-protein.. :--^< ' ' " ■ - "■• :,niftV ■ 



The cereatproduct may be produced in many differenf ways as desired'HoWever, an especially suitable way of pro- 
ducing the cereal product is by extrusion cooking. ! this may be done asis i WellfeowH in the art For example, in one 
55 suitable'process,'a feed mixture isfed into a pfeconditionen The feed rhixtura fe primarily made up of the starch source 
and other ingredients such as sugar, salt spices- seasonings, vitamins; minerals, f lavoui ing agents, colouring agents, 
antioxidants, protein sources, fats and the like. H desired, sources of insoluble fibre may afeo be included; for example 
wheat bran, corn brari/rice bran, rye bran arid the like! Further, ff desfred? a source of soluble fftsre may be included, for 
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example, chicory fbres. inufia.fluctooligpsaccharjdes. so* oligosaccharides, oat bran concentrate, guar gum. carob 
bean,gurrv xantharn gum. and .the like. Preferabry tHe soluble ffore selected is a substrate for the micro-organism 
selected, or such, that the soluble ffcre and micro-organism form a symbiotic relationship for promoting beneficial 
effects. . The rraxjrrwrn level of soluble ffore Is preferably about 20% by weight; especially about 1 0% by weight For 
5 example, for pet foop> .-. *!cpry may be included to comprise about 1% to about 20% by weight of the feed mixture- more 
preferabryata/t c ?%to^ . . t . , 

pepenolng upon the desired form of the cereal product the starch content of the feed mixture may be varied. For 
example, tor : an expanded cereal product, the feed mixture preferably includes up to about 40% by weight of starch. 
However, tor a flaked product.- it is not necessary : to use large amounts of starch in the feed mixture since it is possible 
io, to f lake an unexpanoed product 

In thepre^nollioner, water or-steam.* or both, is mixed into the feed mixture. Sufficient water or steam is mixed into 
the feed mixture to moisten the feed mixture If desired, the temperature of the feed mature may be raised in the pre- 
condrBoner to. about 60°C-jo about 90°C by weight. A suitable preconditioner is descrbed in US patent 4,752, 1 39. ft is 
, rot necessary to subject the feed mixture to preconditioning but ft is advantageous to do sa 

'? The moistened feed leaving the preconditioner is then fed into an extruder. The extruder may be any suitable single 
or twin screw, cootang^sxtruder. Suitable extruders may be obtained from Wenger Manufacturing Inc. aextral SA, Boh- 
ler AG, and the Ike, During passage through the extruder, the moistened feed passes through a cooking zone, in which 
it is subjected to mechanical shear and. is heated; for example up to a maximum temperature of up to about 1 50°C, end 
a forming zone r The gauge pressure in the forming zone is.about 300 kPa to about 1 0 MPa, as desired. H desired, water 

20 or steam, or .both, may be introduced into the cooking zone. During passage through the extruder, the starch source of 
. the moistened feed is gelatinised to provide a t gelatinised starch matrix. 

tf .desired, a srnall amount of an edible oil may be fed into the extruder along with the moistened feed to facilitate 
the extrusion process or as a carrier for oil soluble additives. Any suitable oil may be used; for example vegetable oils 
such as sunflower oil. safllower oil. corn oil. and the like. If oils are used, oils which are high in mono-unsaturates are 

25 particularly prefeneH Hyorogenated oils or fats are also preferred. The amount of oil used is preferably kept below 
about 1% by weight 

The gelatinined matrix leaving the exfruder is forced through a suitaWe die; for exan^ 
P©an P^ent application 0665051 ; the disclosure of which is incorporated by reference. A shaped extrudate. which has 
a cross-sectional shape corresponding to that of the orif ice of the die, leaves the c£e. tfrtrs desired to produce a centred- 
30 filed cereal product, the gelatinised matrix may be extruded with a central bore. The shaped extrudate is then cut into 
pieces using rotating blades at the exit of the die. Depending upon the conditions in the extruder and the corrposHfon 
of the shaped extrudate. the shaped extrudate expands to a greater or lesser extent In the case of pet foods, little or 
no expansion usually takes placa * , u . > 

If a flaked product is to be produced, the pieres may then be transferred to a flaking apparatus. Suitable apparatus 
35, are well known and widely used in the cereal industry and may be purchased from, for example, BOhler AG in Switzer- 
land. If desired, the pieces may be partially dried before flaking. 

The pieces are then drjed to, a moisture content below abcut 10% by weight This is conveniently carried out in a 
hot air drier as is conventional. For breakfes^cereate. moisture contents of about 1% to about 3% bv weight are pre- 
ferred. ^ ; , v , .... . , . ( ^ ... . ... T . . . , . 

40 The pieces intended tor pet foods may be in the.farm of chewaWe pieces. The pieces usually have a water activity 
of about 0.5to about 0.7. , ; - A, 1 , r V . - > ■ 

The expanded pieces intended for human foods have a crispy, pleasant texture and good organoleptic properties 
106 f tak «J Pieces also have good texture and organoleptic properties. The pieces have a pleasant taste of toasted 
cereal. Conveniently, the density of the pieces may be less than about 300 git. At this point, the expanded or flaked 
45 pieces usuallyhave a wateradSyfty of about 0.15 to about 0,3. *, , . 

The prob'otic f micro-orgartsms.are then mixed into a suitable carrier substrate. The carrier substrate will vary 
depending on whether the pieces arajrrtended foranimals or : humans. For pet foods, suitable earner substrates include 
animal fats such as tallow, vegetable fats such as hydrpgenated soy fat, protein digests which are commonly used as 
. flavour coatings, and water. For human foodc. suitable canisr, substrates include liquids, such as fats and sugar sofu- 
50 - 8nd Particulate coalings such as particulate flavour coatings. Suitable fats are edtole vegetable oils and fats; for 
exsmple hydrogenated soy fet Suitable particulate flavour coatings include sugars, chocolate powders, milk powders, 
malted powders, flavoured beverage powders, and the like. If desired, the probiotic micro-organisms may be encapsu- 
lated. . , .,, • ,.. .. , ' -:r • •• •.- -.« •< 

Prmection agents to mnprove the survival of the micro-organisms may be incorporated into the carrier substrate 
55 Examples of suitable protecting agents are vitamins such as vitamins C and E. amino acids and their saJts such as 
lysine.. glycine, cysteine and sodium glutamate. sugars such^s lactose, trehalose, saccharose, dextrine and martodex- 
trine. and proteins such as milk and soya proteins. Trace elements and minerals may also be included in the carrier sub- 
strate. , . . , , , . 
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The selection of the car rier substrate^TWepend upon factors such as palatibility ; considerations and the survival 
of the probiotlc micro-organism since some ; rtiJcfowganfems^siir^e betted in f sbm#oarfieir substrates than others. For 

- example, it is found that S. cerevfeeae tray beWgtttJy less stable Wprdl&h Mges^r^ari in fats^ If fats are used in the 
carrier substrate, the earner substrate prete^ of oxygen on sensitive 

5 micro^rganisms;.Howe/erse!ecting theoptimumlanWsi^ per- 
son, tt necessary, the carrier substrate may be heated slightiy to' nrtetHt or <o reduce rfeVfecbaiy. ' 
e To produce a coated cereal product any iechhq^ piecesWaV be used! For example, in the 
case of a liquid carrier substrate, 1he rnixtureof the probiotic rracro-o^anism and the'^jer su^rate may be sprayed 
. onto the dried pieces. This may be carried out in any suitable marinerrFor ex^^e^^'p^eoW'Tri^. be fed into a fluid- 
10 ised bed onto which the mixture is sprayed. Alternatively, the pieces may be fed rrrfo a rotar y coater into which the mix- 
ture is sprayed. As a further alternative, the pieces maybe caused to fan in a curtarn^arid the coating mixture sprayed 
< bsi . onto the curtain. In' the case of a particulate canier'substrate 1 , the protiotic micro-orgahfam an^ the carrier substrate 
Tl-N >may be mixed to form a dry-mix. Heat sensitive components sucrr as ' vHarhihs; y arnino acids, etb may also be included 
in the dry mix The dry mix is then agglomerated on the dried pieces ilsir^ an ag^lOTfierating agent. A suitable proce- 
' .is ■ dure is described in US patent 4,777,056; the disclosure of which is incorporated by reference. Fats, oils and sugar 
: - * solutions are examples of suitable agglornerating^agents. Particulate carrier subsVales "may also oe dusted onto the 

.• -cereal product. " - ■ " ' *J ^; ^ ■ ' 

V s * For a filled cereal product, the mixture of the probiotic and mfcro-ofgWiism arid carrier substrate is filled into the 
central bore of each piece. In this case, the carrier substrateis r^eferabry viscous ora sl^s^^e which hardens rapidly. 
in Fats are particularly suitable. Alternatively the cereal product and earner substrate may be 'fed into' a tumbler and the 
carrier substrate agglomerated to the cereal product using a syrup. In thfs case, the cereal product is coated and filled. 

The dried, ready-to-cat cereal product co™ 
organism per gram of the diied cereal product; preferably about 1 0 6 to about 1 p 8 deife 'of the probiotic micro-organism 
per gram; The dried cereal product may contain about 0.5% to about 20% by freight of the, mixture of the probiotic 
2S- micro-organism and carrier substrate; preferably about 1% to about 6% by'weight; fbV example about 3% to about 6% 
by weight. ' i: <° 

. y . The dried cereal product may then be farther processed as desired. 1 For' example, ff the dried cereal is to be used 
as a breakfast cereal, dried fruit, nuts; other cereals, dried milk produce (such as dried yoghurt etc) may be dry mixed 

■ with or agglomerated with the coated cereal. If desired, the dried cereal may be farther coated with protective agents 
:*o. or flavouring agents,- of both. This may also be carried out prior to or during coating or" fitting ofthe dried pieces with the 

mixture of the probtotiband micro-organism *ahd carrier substrate.' ' ! u < r ' Jl 

It is alsopossfole to produce a dried cereal product by mixing together water and the ingredients of cereal product; 
for example in a preconditioner. The wet mixture may then be shaped into'a dearetf shape; for example using shaping 
rollers^ The shaped mixture may then be bakedin an oven^fdr exarrtple at about '22p°C to about 280°C for about 1 0 
: 35 minutes toabout 1 1 hour; The dried cereal product has the appearanceof a baked biscuit The coating or filling may then 
be applied as discussed above. '.■tf&v<f t i< l t>\ r:- vi ™ e J -Km ^ - a 

r . Alternatively the cereal product may be fbrrrlulated into convenience fctoc&s'uch as snack bars and the like. Again 
the cefe^ prcoXict may bo mixed with nuts; sweeteners. ' colouring agents, or flavouring 

agents, and the like A suitable binder, for example arabic gum or gelatine, may then be added. An agent which reduces 
w breakability of the bar may also be induded;-for i*arripl& hydrolysed wheat ff desired* the bar may be coated with a 
suitable coating; for example chocolate. Processes for manufacturing snack bars' are well known and are described in 

■ Ihe-artrsee tor .example VS detent 4371. 557V ^u*'^r. * * r*S, .;rni rx>n- tr • i„j^ & ■ 

. " : It will be appreciated that the dried, ready-to-eat cereal product -may be produced by any suitable process and not 
ontythat described above. ' "-■ r ^'^ 1 * J \ L --™ * c r ' ■ ' 

45 In the case of human foods, the dried, ready-to-eat cereal product preferably comprises a nutrrtiona) supplement. 
. In the case of pet foods, the dried, , ready-to-eat cereal product may be fed to pets as a'sole source of nutrition or may 
be supplemented by other sources uf nutrition; for example canned food. When consumed inadequate amounts, the 

- dried; ready-to-eat cereal product results' in a production of acids, such as lactic acid and acetic acid, in the gut of the 
' human or animal This inhibits the growth" -of pathogenic bacteria such as Cfostndium '-pierfringens or those which 

so advereety affect weN being, : arxt h probiotic miao-organisms 

• - adhere to intestinal surfaces and compete with urxiesi red bacteria. Further, the- growth art! activity of putrefying bacte- 
ria may be inhibited and hence the production of toxic amine^ compounds 1 Adequate arnounts of the dried, ready-to-eat 
cereal product may also result in the activation of the immune function of the human or animal. 

The amount of the dried. ready-to : eat cereal product to beobnsurried by mS'hurrian or animal to obtain a beneficial 
55 effect will depend" upon the size and'age of the humari or animal. However ah'a^tourrt of the dried, ready-to-eat cereal 
product to provide a daily amount of ab6ut 1 0 6 to aboui 10 12 cells of the probiotic rr^rS-brgaiiism would usually be ade- 
. ..quate. • ' ,■ •> ••• '. ■■ ■ ■ 

Numerous modifications may be made to the embodiments described above. For example, it is riot recessary to 
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produce the cereal product by extrusion cooking. Instead the cereal product may be produced by any suitable method 
of producing dried, ready-to-eat cereal pieces. For example, the feed materials may be cooked with water to provided 
a cooked paste. The paste is then raHer -dried to produce dried flakes; usually of a thickness of about 0.6 to about 1 mm. 
Specific eypnr^es are new descried for further ilustratioa 

5 .... . 

Example 1 

A feed mixture is made up of com, com gluten, chicken and fish meal, salts, vitamins and minerals The feed mix- 
ture is fed irtlr <. Chcconditkxier and moistened. The moistened teed leaving the preconcStioner is then fed into an 
to extruoer-cx>ker and gelatinised The gelatinised matrix leaving the extruder is forced through a die and extruded The 
extrudate leav.:ic, tie die head b cut into pieces suitable for feeding to dogs, dried at about 1 10°C for about 20 minutes, 
and oooied tc form peaets. The. water activity of the pellets is about 0.6. 

. Tho peBf*s sprayed with three different coating mixtures. Each coating mixture contains Bacillus coagulans but one 
coating mixture uses hydrogenated soy tat as a coating substrate, one coating mixture uses water as a coating sub- 
is strate, arid one coating mixture user, a proteir digest as a carting substrate The B. coagulans is in the form of pow- 
. dered endospcres and is obtainable f.o. n Gankyo Phamaceutical Company under the trade name Lacris-S. The pellets 
• contain about 1 .6 x 1 0 6 cells/g of B. coagulans. For each coating mixture, the pellets are separated into two groups. 
One, group is stored at aoout 25°C and, to estimate the long term stability of the miao-organism. the other group is 
stored at about C7°C. A sample is taken of each group is taken after 1 week, 2 weeks, 3 weeks and 4 weeks. Also, a fat 
so coated sample of the pxouo which is stored at 37°C is taken a! ft weeks. 

The cell counts are determined for each sample. The results are set out in Figure 1. In an cases, the ceD counts 
remain substantially constant indicating excellent storage stability. Further, the results from the storage at 37°C for 8 
„ . weeks indicate th?* the mjcroorgarrsms 3re likely to be stable after one ysar of storage at normal conditions. 

is Example 2 - v 

Example 1 is repeated except that the three different coating mixtures each contain Bacillus subtilis instead of 
Bacillus coagulans. The 8. subtilis is in the form of powdered endospores and is obtainable from Hansen A/S under 
, the trade name BioPli-s 2B. The results ai-i set out in Figure 2. 
\ 30 In all cases, the cell rounts remain substantially cvistant indicating excellent storage stebflity.- However the cell 
counts for the pellets coated with fat are a little lower than those for water and protein digest but are still substantially 
constant. Again the results fromthe storage ct 3FC for 8 weeks iixJicate that the mjcro-organisrrts are likefy to be stable 
, ,' ' after one year of storage at normal conditions. :* 

j , . 35 > Example 3 . ■ . ■ ■ * ■ < 

Example 1 is repeated except that the three different coating mixtures each contain Pediocoocus acidilactici 
instead of Bacillus coagulans. The P. acidilactici is in the form of a dried powder and is obtainable from Lallmand SA 
under the trade name Bactocell. The storage results are as follows: 
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Wee!*. 


Fa:2E»0 




WEte; 2S'V 


Water 37°C 


Digesi 25°C 


Digest 37°C 


•o 


1 9.6x1 0 6 I 


19.6.x10 6 


21.9 xJO 6 . 


?V9x10 6 


12.9 x10 s 


12.9 x10 s 


. -1' 


13.6 x10 s 


?3.6x*0 6 


14.V ;10 6 


. 4.7x10 B 


12.1 x10 6 


2.93 x10 s 


2 


12.9 x10 6 


12.9 x10 s 


13.1 x10 6 


13.1 x10 s 






3 


9.73 x10 5 


6.69 xlO 6 


16.C x10 6 


6.07 x10 6 


7.77x10 6 


0.76 x10 s 


4 


129x10* 


4.6 x10 6 ,. 


1A.0X10 8 


5.31 x10 6 






5 










5.1 xlO 6 


0.68 x10 s 


8 _ 


6.8 x10 6 


1.5 x10 6 
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For the pellets coated using water or fato, tha cell counts remain suListantJaUy constant at about 10 7 cfu/g; indicating 

excellent storage stability. For the pellets coated using protein digest, when stored at 37°C, the cell counts initially fall 
. off but then stabilise at atout 10 6 cfu/g; which is adequate. 
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Examp l e ,4 



Example 1 is repeated except thaf the t, (ret different coating mixtures e^'cotiam Sacchafomyces cereviseae 
instead of Bacilbs coagulans. The S. cereviseae is in the. form o. s a dile^'po^er'anti : ^ from Santei SA 

5 under the trade name Levucell. The storage results are as follows: 



•to 



-*5 
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Weeks 


Fat25°C 


Fat37°C 


Water 25°C 


Water 37°C 

- ■ - *j • 


Digest^C 


digest 37°C 


0. ( . 


28.0 x10 6 


28:0 x10 s 


27,6 x10 s , 


27,6 xlQ 6 


.11.3 x10 s . - 


-11.3x1 0 s 


1 


23.2 x10 s 


23.3 X10 6 


-17.2 x10 s 


17.2 x10 s 1 


7.53 x10 s 


r 1.83 x10 s 


2 


24.5x10 6 


24:5x1 0 s 


.18.7x1 0 s 


18.7;:10 s v 






. 3 


24.5 x10 s - 


9.93 x10 s . 


13.5 x10 s 


4.40 xlO 6 e 


1.99 x10 s 


0.16 x10 s 


4 ' 


13.7 x10 s 


15.9 x1p s 










,5 










1.42 x10 s 


0.03 x10 s 


■ 8 


17.5 x10 s 


12.3 x10 6 






•.- . ' i e * 


• ; . . > 



- - , For the pellets coated using water or fats, the cell counts remain substantially constant ai about 10 7 cfu/g; indicating 
c excellent storage stability. This is particularly the case for the peflets coated with fate rtowever'the cell counts for the 
pellets coated with protein digest are a little lower than those for water and fat but are still acceptable when stored at 
25 25°C. When stored at 37°C, the cell counts for the pellets coated with protein digest fall off. - J 5 

i v, Example 5 •• .-. . • v ■: . '* • \- 

A trial is conducted using 30 dogs The dogs are fed a standard dried diet for a \^p>iorto comiTfehcementof the 
.trials Immediately prior to commencement of tfce trials, the gut flora and a n-<easure of the faecal odours for each dog 
is determined. „ »,: ■ • • •* *• ' : '•^'■•'} '• - 

The dogs are then separated into two groups cf 15"dogs..One gioup of dogsis ted the dried! fat coated pellets of 
example 1 . The other group of dogs is fed the same pellets but without the coating of fat and probiotic' micro-organism. 
The dogs are given free access to the food and to water. 

After a week, the gut flora of each dog is analysed. The dogs which are fed the pellets of example i have decreased 
counts of C. perfringens. Further, faecal pH and odours are found to have decreased in the dogs which are fed the pel- 
lets of example 1. • ... . ; • . • .'•.:» 

Examples - • - *. • •: ■. - ' 
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A feed mixture is made up of 70% by weight of corn flour, 17% by weight of wheat flour, 7% by weight sugar. 3% 
by weight of malt, 2% by weight of vegetable fats, and salt The feed mixture is fed into a preconditioner and moistened. 
The moistened feed leaving the p/eoondrtjbner .fe h'rn fed into arvextruder and gelatinised. The gelatinised matrix leav- 
ing the extruder is forced through a die and extruded. The extradate expands upon leaving the die head and is cut into 
pieces of about 1 cm. the pieces are then dried to a moisture content of about 1 %;by . weight. 
> '', The pieces are sprayed with two c3rferent coafih j mixtures. Eatfi coating mixture contains sunflower oil as the car- 
rier substrate but a different micro-org^njsni ;The^ciLK)rganisms are: , 









Micro-organism 




Form 


Saccharomyces cereviseae 


Santel SA (Levucell™) . . . - - ? — v 


Spray dried powder 


Enterococcus faecium SF58 


Bioferment Division of Cerbios Pharma SA(LBC-K™).-Swit-' 
zerland 


Spray dried powder 





Both micro-organisms are commercially available. The pieces all contain about 10 s cells/g to 10 7 cells/g of the pro- 
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biotic micro-organism. To obtain an idea of the long term stability of the microorganism, the pieces are stored at about 
37*C. A sample of each group is taken immediately after production, after 1 week and 3 weeks. 
The viable cell counts are determined for each sample; The results aieas follows : 



WcTO-organism 


Cell count • Day 1 
(cens/g) 


Cell count -1 week 
(cells/g) 


Cell count ■ 3 weeks 
(cells/g) 


Saccharomyces cereviseae 


6.40 X 10 6 


2.21 x 10 6 


3.90 x10 s 


Enterococcus faetium SF68 


1.38 X10 6 


8.60 xlO 6 


4.03 x10 6 



The results indicate that the probiotic micro-organisms remain substantially stable. 
Example 7 ■ 

The procedure of example 6 is repeated except that the coating mixture is a dry ndx of the probiotic micro-organ- 
isms and chocolate-flavoured powder (Nesquik® powder). The dry mix is coated on the pieces using the procedure 
20 described in US patent 4,777,056 and using vegetable oil as an agglomerating agent. 
Further, the following micro-organisms are used: 
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Micro-organism 


Source " 


Form 


8. coagulans 


Sankyo J Phariroceutical Company (Laafe-S™). . 
Japan 


Powdered endospores 


L. johnsonn La1 


Nestec SA 


Freeze dried powder 


Bifidobacterium animalis/longum 


Ch. Hansen A/S (Bb12~), Denmark 


Freeze dried powder 


Saccharomyces cereviseae 


SantelSAtLevucell™) 


Spray dried powder 


Enterococcus faetium SF68 


Bioferment Division of Cerbios Pharma SA (LBC- 
K™), Switzerland 


Spray dried powder 



The first, third, fourth and fifth micro-organisms are commercially available. The second micro-organism is 
described in EP 0577904 and was deposited, at the Collection Nationale de Cultures de Micioorganismes (CNCM), 
Institut Pasteur, 28 rue du Dr Roux, 757724 Paris Cedex 15, France on 30 June 1992 under the number CNCM 1-1225 
40 and name La 1 by Nestec SA .;, *.<., - 

the cell counts determined tor each sample. The results are as follows: 



Micro-organism 


Cell count - Day 1 
(cells/g) 


Cell count - 1 week 
(cells/g) 


Cell count - 3 weeks 
(cells/g) 


B. coagulans h 


6:37 x10 s 


5.07x10 6 


4.24 x10 s 


L.johnsonii Lai 


1 .43 x 10 6 


3.21x10 s 


1.39 x10 s 


Bifidobacterium animalis/longum 


8.06x10° 


2.95 x10 s 


9.80 x 10 s 


Saccharomyces cereviseae 


2.43 x 10 s 


2.17x10 5 


1.38 x10 s 


Enterococcus faetium SF68 


T.94X 10 s 


5.70 x10 s 


1.50 xlO 4 



The results indicate that the B. coagulans and Bifidobacterium animalis/longum are likely to remain stable for long 
periods The other miao-organisms display less but acceptable stability. 
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Example 8 « ; :u*tem«t, 

j : oiq \shb • «■ . ... \> >bbv lc -'■ --.v. .C 

Expanded cereal products produced as described in example fc^are coaWwitiYthree coating substrates. Product 
1 is prepared by coating the cereal product with vegetable oil and then dusting on a spray-dried milk powder which con- 
s tains L johnsonii La1 ; Product 2 is prepared by coating the cereal product with vegetable oil and then dusting on a mix- 
ture of a spray-dried milk powder which covins L johnsonii La1 and a cpcoa-cjpmaioino, powder, (Nesquik® powder); 
- Product 3 is prepared by suspending a spraV^iW.mHkTpowder which contains H; jOfinSoritt La1 in a vegetable oil and 
. spraying the oil (without pressure) on the 'cereal product 
._ ~ The cell counts determined for each product. The results are as follows:; ~ ;~ : 
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Product 


Celt count - Day 1 
(cells/g) 


Cell count -1 week 

(ceils/g)" M ' : 


.Cell count - 3 weeks 
' (cells/g) 


1 


3.86 x10 7 


4.42 xlO 7 


3.00 x:10 7 .-■ 


2 


1.59 x 10 7 


2.30 x 10 7 


1j65x10 7 


3 


3.51 x10 7 


..4.61 xlO 6 


. .. 3.36 x10 6 
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The results indicate that the probiotic micro-wganisms remain substantially stable. 1 
Example 9 

A trial is conducted using 20 adult volunteers. Immediately prior to commencement ofthe trials, the gut flora of each 
volunteer is determined. The volunteers are then separated into two groups of 10 people. One group is fed, for break- 
fast, a 30 g portion of product 1 of examples along with cold milk: The other group is fed the same cereal product but 
witrKxrt the coating of fat and probiotic microorganism.. Other meals during the day are the normal meals eaten by the 
1 volunteers. \ 
- After a week; the gut flora of each volunteer is analysed. Thd vdtinteer which are fed Product 1 have decreased 
counts of C. 'qerfringens. '.' IJ . . 



Claims 
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1. Adned, ready-to : eat cereal pioduct comprising.a gelatinised starchmatri*which includes a coating or filing con- 
taining a probiotic micro-organism. 

2. A cerealproduct according to claim 1 in the form bt a breakfast cereal,' an infant cereal, or a convenience food. 

3. A cereal product according to claim 1 or claim 2 in which the gelatinised starctfmatrix is in f laked or expanded form. 

4. A cereal product according to claim 1 in the form of a pet food. 

5. A cereal product according to any of claims 1 to 4 in which the gelatinised matrix is an extrusion cooked starch 

' : "source. 'V V. ' " / , '.T; : , ''"""vel'T^.a ifo ~" r ' r':.»"» " 

>,-'-r/ [ f£*^: j 

6. A cereal product according to any ofclaims 1 to 5 in which the coating or filling comprises a carrier substrate which 
"' contains the probiotic microorganism. _1 .1 .1° -J 

7. A cereal product accordingtto claim 6 in which Jh^e carrier subStratels a Jaf, a protein digest milk solids, a sugar or 
' { : a particulate flavouring agent' ^ . .'.'..„ } J ..V' -V'-.- 

< " "; " "" ■•> • ■ 1 ' ; ^2*- J 

8. A cereal product according to claim 5 further oonprisirig a lipid layer oh the gelatinised starch matrix, the lipid layer 
'causing a particulate carrier substrate. .which. contains the probiotic micro-organism, to adhere to the gelatinised 
starch matrix. 

9. A cereal product according to any of claims 1 to 8 in which the probic^c%iicro-c^hisffi is selected from Bacillus 
coagulans. Bacillus licheniformis, Bacillus sublilis, Bifidobacterium animalis/bngum, L. johnsonii La1, Pediococ- 
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cus acidilactici, Saccharomyces cereviseae, and Enterococcus faecium SF68. 
10. A cereal product according to any one of claims 1 to 9 further containing a source of soluble fibre. 
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(57) A dried, ready-to-eat cereal product comprising 
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source to form a gelatinised starch matrix; forming the 
gelatinised matrix into pieces; drying the pieces; and 
coating or filling the pieces with a carrier which contains 
probiotic micro-organisms. 
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